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It is somewhat of a question whether it is desirable to 
maintain a relative humidity as high as 50 per cent in 
cold weather. Air at  a temperature of 74’ and a relative 
humidity of 40 per cent will become saturated when its 
temperature is reduced to about 4B0, and it is not uncom- 
mon for the S U ~ ~ R C . ~  of window panes and walls of a room 
to become t,hat cold when the outside temperature is as 
low as O O F .  In fact it  was noted in making humidity 
observations in residences that, when the indoor humidity 
was ns high as 50 er cent in cold wen ther, the windows and 
even painted wa E s of moms were usually drip ing with 
moisture. To pass from a stay in a room this tamp into 
a piercing winter wiiid is something not many persons 
care to make a practice of. 

The most obvious solution of t,he problem in the light 
of the foregoing would seem to be to keep living rooms 
from being escessively heated, since the difference of a 
few degrees makes a marked difference in the relative 
humidity, and to nrrmge that a. rea.sonsble quantity of 
water be evaporated in the room daily. It would hardly 
seem to be necessary to stnte that aridity in sleepiiig 
rooms may be eiitiiely avoided by good ventilation and 
the absence of wtificiiil heat,. 
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THE PREPARATION OF PRECIPITATION CHARTS. 

By Wm. GARDNER REED and JOSEPH BURTON KIWER. 
[Dated: Climstologicsl Division, June 30, lQli.1 

Wlien the preparntiori of the Atlas of American Agri- 
culture was untlerta.kei: by Llie United States Dqmtrnent 
of Agriculture, tlie importance of cliniate iii its relation to 
agricdture wi~s recogiizrd and ti section of thc Atlas was 
very properly devoted t u  cliniate. Tliis op >ortunity was 

aid of tlie data wliicli litire been accumulated since the 
existing mnps were ilrzLwn. Particularly in the case of 
preci itatioii there wns MI c ~ p  iortmiity to construct maps 

had heretofore been possible. It scemecl proper to re- 
view the princi les upon wliicli precipitat.ion ilia Y should 

permit the construction of m:tps nearly approaching the 
ideal. Other clinia tologicnl ninps are now hi prepimtion 
by the Weather Burenu? aiid tlie map of the miiuul pre- 
cipitation over the United States was issued in “.January, 
191’7,” as “A~lvance Sheet No. 1: Precipitation” of the 
At Ins men tionecl above. 

There is probably no climatic factor conceiming which 
so much has been written xecipitation. From the 

a set of rules for the construction of maps which present. 
its distrilmtion prap1iic.ally.‘ 

1. Gage recoids, escept such as have heen shown to he 
in enor, e. g., by comparison with neivhboring records, 
should be regarcled as tlie “control” of tee map. lji spite 
of the doubts as to whether gage readinas agree with the 
actual piecipit.ntion there can be 110 cPoubt that these 
records are tlie only comparable numerical precipitation 
data in existence. 

2. The data should refer to the same period, which 
should be as long as possible. This is deswable because 
of the differences in nniount from year to year, and, to 
be comparable, records must cover the same years. The 
period selected should be one for which a very consider- 

taken to construct a new series of clinisltic c 1 inrks with the 

whic P 1 should depict the con( 1 itions more accurately tlum 

be drawn ant1 c e eteiniine how fiw the data availa. K le would 

discussions of the subject it lias as If een possible to formulaie 

1 For a collection of expert o inlous cm the canstructicm of &fall msprc sea the 
LIONTELY WEATHEB REVIEW, lpril, lW, 30: 205-243, and 2 rhsrtS.-ELn~OR. 

able number of records are available, because only by 
the use of many records can the geographical distribu- 
tion adequately be shown. 

3. When these data have been entered on a map 
there will n pear man areas where the come of isohyets 

convenient artifice for representing “no data,” and 
because the best approsimations to the actual condi- 
tions in such regions can be made b meteorologists 

should show the probable conditions where records are 
not sufficient to permit the portrayal of the actual 
conditions. 

To fill these ga s, interpolations are necessaq but, 

be a true picture of the conditions as they exist. The 
data upon which interpolations may be made vary 
greatly, not only in adequacy but in kind. The most 
useful data for interpolation are ga e records covering 
it portion of the selected period. T%e preci itation for 

plete records b a comparison with neighboring com lete 
records. Anotyier kind of interpola.tion is base1 on 
aiialogy; for esample, if the precipitation conditions on 
one mountain ra.nge have been determined b adequate 

near-by ran e of the same elevation and similar exposure, 

yielding a similar stream flow. Likewise, in the absence 
of more accurate inforniation, precipitation conditions 
may be inferred as similar in neighboring valleys of the 
snnie iiiouiit,a,in group if the elevation of these vallep 
aiid their vegetation are sindar. Again, differences m 
vegetation and in the hiown laws of chan e in amount 
of precipitation with altitude, latitude, or 8 istance from 
the ocean may be of assistnnce in inaicatin that a region 

ments are available. 
In the preparation of a map which shall ade uately 

represent the recipitation of a region, such as theknited 

1. On account of the great diversit 

drawn to t % e data wi H rema.in in doubt. As there is no 

familiar with the data, it seenis desirab r e that the maps 

unless they be ma. B e wisely, the resulting map wdl not 

the whole period may then be deduced from t t ese incom- 

gage readings, the same conditions mav be in s erred on a 

covered wit ?l the same or closely allied vegetation and 

is wetter or diier than a near-by regon 111 m 5ll ch measure- 

States, the fo K owiw should be kept in mind: 

the map must be inore or less generalize B with the a t t e n i  

(which shou P d be not less thnii 20 years) do not exist in 

of topograph 

ant sacrifice of accuracy of detail. In fact, it is probably 
better to regard m y  map as a general illustration and to 
refer to the actual data for detailed infoimation. 

8.  The “control” of the map should be gage records, 
coveiing the same peiiod of years. 

3. If corn lete gage records for the period selected 

sufficient number, the shorter records within the same 
period should be reduced to the complete period. 

4. It must be remembered that in drawing an isohyet 
from one station to another interpolation is of necessity 
involved a t  all points between the stations. Therefore 
it is well to draw these lines having in mind the topog- 
raphy, the stream flow, and the natural and cultivated 
vegetation, and to give weight to these conditions in 
carrying the isohyets from station to station. 

5. The object of a precipitation map is to show gra hi- 
cnlly the distribution of rainfall over the area for &ch 

ma which does not accomplish 

is greater or less than a 
be avoided as far as possible. 

anfsaving clauses such as state- 

r- For emmple, it is literally correct to mark a re on “10 
inches plus,” where the fa.11 may be 40 inches, u t  such 
a practice may be greatly misleading under some condi- 
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tions. It is self-evident that  no precipitation map can 
be complete in all details; some generalization is neces- 
sary, and the extent to which generalization is to be 
carried is largel a matter of opinion, although the scale 

sidered. 
An examination of the rainfall data of the United 

States by one of the writers (Kincer) indicated that a 
large number of records were complete for the 20- ear 

this period for the recipitation maps of the Atlas. 

eriod and in addition about 2,000 of shorter 

he data from stations with 20-year records were not 
sufEcient to construct a reliable map and so the 2,000 
shorter records were employed to supplement them. 
These latter were reduced to the 20-year period, 1895- 

of the map an B the type of reproduction must be con- 

penod, 1895-1914. It was therefore decided to a B opt 

There were available a \ out 1,600 complete records cover- 

5 to 19 years, within the same period. 

most cases the original computations were found to be 
correct. The record was then examined in detail, and 
this examination usually showed particular years whose 
records seriously affected the average. In  most cases 
the averages were evidently correct for the data as re- 
corded, and as all the original records had been carefully 
checked both by the section directors and a t  the central 
office the ex lanation had to be sou ht elsewhere. In  

which indicated that these records were not truly repre- 
sentative of large areas, and it became necessary either 
to disregard them or to show small areas of preci itation 
different from the surrounding r ions. As it is felieved 

depict mainly general confitions, it appeared better in 
most cases to disregard the erratic averages rather than 
to attempt to show small areas with precipitation mark- 
edly different from the surrounding regions. 

practically d these cases strictly loca f causes were found 

that a map of an area as lar e as TI t e United States should 

TABLE l.-Adjuatmet&t of the average nmnthly and aniwal precipitation at Green&eld, Ind., for the 11-year period froin 1904 to 1914, ineluel'i-e, to the 
uniform goyear penod from 1896 to 1914, ~itiekt8ive, by comparison mth rewrda nwde at Indianapolis and .Uaug, Id.. driring the firtll10-ymr 
p&d. 

ELEVEN-YEAR YEANS, 1-1914. 

1 Jan. 1 Feb. 1 Mar. 1 Apr. I May. I June.. I July. I Aug. I Sept. 1 Oet. 1 Nov. I Dee. I Annuel. 
______---__------ 

(1Oreesltield y ~ ~ n d l s n n p o l l s  3 . 1  2.6 4.4 3 .2  3.8 3.2 3.7 3.4 3.0 2.6 2.2 38.3 

.......................................................... 3.8  2.8 4.0 3.0 4.1 3.1 3.7 3.8 2.9 3.4 2.2 2.7 41.3 

...................................................... 
3 W w y  .................................................... 1 3 . 5 1  2 . 5 1  1.11 3.51  3 .51  3.11 3.01 3 . 2 1  ::AI 2.11 2.41  2 .31  37.9 

PEBCENTAOEg rOR THE 11-YEAR PERIOD, 1901-1914. 
~~~ ~~ ~ ~ 

........................................................ 101 
- 1 + 2  - 1 + 3  ........................................................ I 'GI I1 '&I :Dl lq ':I :Ij 'El :ti I1 e3 

__ I 1 I 
B Y E A R  YEANS. 

GREENFIELD'S ADJUSTED MEANS. 

-~ 
I 8-(4X6) 2.8 2.4 4.2 2.7 3.8 3.2 3.7 3.4 3.1 I 3.2 2.6 38.3 .......................................................... 

&(~ix7)  .......................................................... 1 2 . 8 )  2.41  4.11 2.61 3-13] 3.71 3 .71  :::I 3.01 2 . 6 /  3.51  2 3 1  37.1 

MEANS OF (8) AND (e), OR ADJUSTED MEANS FOR QREENFlELD. 

(10) .................................................................I 2.81 1 . 4 1  4.21 2.61 3.71  3 .41  3.71 3 .21  3.21 2.81 3.41 2 .41  37.7 

,1914, by comparing identical ears of the nearest sta- 

possible comparisons were made by determining the per- 
centage relatione between the full 20-year period and the 
portion of the full record covering the same years as were 
available for the shorter record. The short record was 
then corrected by increasing or decreasing its average by 
the percentage shown when the average for the short 
period of the 20- ear record was compared with the 

eaxs used as a basis for this type of interpolation. 
$able 1 shows the method. 

"he 20-year averages for the long record stations and 
the adjuated averages for those of fewer than 20 ears 
were entered on large topographic base maps o f  the 
United States, each at  its proper location, and lines 
drawn showing areas of approximately equal precipita- 
tion. 

Inconsistencies.-In drawing the isohyets the data for a 
small number of the stations appeared erratic. These 
cases were examined with eat care, and the averages 

tions having records covering t E e full period. As far as 

20-year average. i! n no case were records of less than five 

recomputed to detect possib f e arithmetical errors, but in 

To meet the demands of those desiriii rainfall statis- 

such data are required to repare maps showin the dif- 
ferent amounts of rainfal P for widely extende d regions, 
which will inevitably embrace large areas for which no 
data are available, because it is impracticable and in 
many cases impossible to get gage records in areas like 
the unpopulated mountainous regions of the western 
United States, w-here the very few inhabitanti3 are all 
located in the valleys, avoiding the mountains and other 
inaccessible places. In  these regions direct observations 
of rainfall are therefore unattainable, not only because of 
the lack of funds but because there are no means of secur- 
ing records of preci itation, through no fault of those re- 

The best procedure in attempting to depict rainfall in 
regions where no observations have been obtained is a 
matter of debate and difference of opinion. In  the maps 
employed in ordinary cases the unreported regions in 
question can not be entirely omitted because, as r- 
viously stated, there is no convenient artifice by w ch 
to indxate that the precipitation is not known in certain 

tics the meteorologists responsible for t f e collection of 

sponsible for the co P lection of statistics. 
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regions and that the amount we decide to indicate on the 
map may not be the correct amount. In  many cases, 
also, the needs of the user of the map require that the 
best estimate of the rainfall be shown. The practice 
adopted for such regions depends to a considerable estent 
u on the use to which the map is to be put, the person- 

which i t  is made. For esample, much has been learned 
not only of the relation between railifall and elevations, 
but stmudies in various parts of the country have shown 
how far the same types of vegetation are possible in clif- 
ferent regions. In  addition, i t  is clear that the best map 
of precipit.ation will be drawn when the compiler has in 
mind not onlv gage records but also all the other infor- 

tive. The most useful rainfall map is that whic qunsta- 1 gives 
mation available, whet.her quant,itatire or merely 

the best icture of the actual conditions. 

is esceedingly coniples and, while i t  is perha 1s gcnernllg 

rain than falls on near-by unforested arcas, conditions of 
temperature and humidity, which can not safely he neg- 
lected, may account for 3.h the ilifferences obser~ed. 

The relations between rainfall and run-off 1ia.re been 
studied in several localities in the Unit,ed St.atcs, and while 
no general law has been det,erniined i t  is obvious t,hat in 
the long run no more water can be cctrried by the st.reanis 
than fitlb on the wateixhed: and when two similar water- 
sheds have similar stream diachnrges i t  is reasonaMy safe 
to nssume t,liey receive similar miounts of precipi t.nt,irm. 

Some phases of the relation between rainfall mcl ahi- 
tude are now known, but as n general rule precipitation 
inoreases with altitude up to a 1i.miti.in.g e7rwit~ion.; the 
altitude of heaviest, precipi tation, however, is not well 
known and probably is not t,he same in different regions. 
Slope and direction of winds are also factors wliinh niust 
be considered. In  t,he Sierra Nevacln the zone of m:isi- 
lnum rainfall occurs at  an altitude varying from 4,000 
to 6,000 feet.? This range presents a mctic.nllg unbroken 

which blow direotly from the ocean, and is therefore n 
very simple case. The reln.tions are far from clear with 
more irregular mountain masses, especially such as arc 
situated at some distance from the ocean, pmtioularly 
those where the winds niust cross oonsiderable altitudes 
before reaching the mountains under consideration. 

Perhaps the most important relation esisting between 
top0 raphy and rainfall is the occurrence of “topo- 
grap E ic barriers.” In the tihence of definite informa- 
tion to the contrary, it is not sa.fe to assume that siniilnr 
conditions exist in regions separatd by mountain miyes. 
The raotical difficulty is increased by the fact that it! IS 
near P y as unsafe to assume that different coliclitions esist 
on different sides of a mountain range. A mountain 
range usually limits the conditions, but this liniitat,ion 
does not mean that the conditions a t  given levels are 
not the same on both sides. 

As long as the precipitation is st.ated in tenns of clept-h 
of mater, it is essential that the maps be b a d  011 gage 
measurements. It may be practicable to const,ruct a 
map in terms of vegetation ; from bare desert through 
sage brush desert, grassland, scattered t,rees, etc., up 
to dense forest. Such a map would be very useful and 
not misleading if its basis were properly esplained- but 
the attempt bo translate such data int,o ternis of ciepth 
of wat.er necessarily involves assumptions which are not 
fully warrmted in the present state of our knowledge. 
In the preparation of rainfall maps many conditions 

a H ty of the author of the map, and the limitations under 

Tlie re P ation between clima.tic fact.0i.s nnd vegetatirm 

true that the esistence of a forestzed region ini I icates more 

ridge estending across the path of t P ie prevailing winds 
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arise which must be decided more or less arbitrarily, 
although the decisions should be consistent among them- 
selves. For example, the oft-cited case of Mount Wash- 
ington niay be considered. In  this case there is no 
doubt t,liat the precipitation on tho summit is nearly 
double that of the surrounding. region below. The 
mountain, even if the whole Presidential Ranoe be in- 
clucled, covers so sniall an area that it is haraly more 
t,linn a dot on any moderate sized map of the United 
States. The result is that the area of heavier fall niust 
be esaggemt.ed in size or ignored, unless t,he somewhat 
objcctioiinhle espediont of printing t.he figures on the 
m:ip be adopted. Such areas iiiay he omitted on the 
ground that there are doubtless other similar plnoes with- 
out duts, but this does not seem to be good practice, as 
precipitation data are scanty enough a t  best and all 
autlientii: records are needed t,o bring out the actual 
coiiclit,ions. A siriiilnr situation esists in the case of 
si1iall vallnys surroundrd by highor lands. Attempts to 
constmct an ndecluate precipitation map of the west.ern 
liighlaiicl of t,lie United States meet rent. difficulties. 

t,utle of mnsimum precipitaDion in the Sierra Nevada, the 
topography is imperfectly known, the forest areas haqe 
been m n  >ped liherully to say the least, the region IS 

precipitat,ion both froni time to time and from laoe to 
pl:ic.s, and finally the habitations and hence t Iil e rain 
gnges are freclueii tlp located in places which are not 
tyl,ical of the area, if any typical places can be said to 
esist. Tlie xiiountitins to be sure, in son10 part3 of the 
rcgion, ham heavier vegettition and reater run-off than 
the near-by valleys; but they are a f  30 regions of lower 
temperature and smnllar esposed ground surf ace which, 
especially in a region of strong insolation, makes a vast 
difference in evaporation. The mountains may be 
regions of heavier precipitation than the neighboring 
lower lereh, and they niny not. In  such cases of doubt 
it seems better that the isohyets be broadly generalized 
on the basis of the gage records and a statement made 
that t,he pmcipitnt.ioii niay vary locally in either direc- 
tion from the aniount indicated. 

I t  is not practicable to carry on the map more infor- 
niiltioii than the ieci itatioxi chta, the topography, and 
enougli culture ‘to I)perniit accurate location of places 
nnd of re~ioiis. There is, however, an enormous mass of 
tddition:J iiiforniation much of which is not subject to 
exact, statement a t  present, which ma assist in the loca- 
tion of isohyets between stations. i’ze simplest of such 
cases is that of two regions sepantterl by high mountains; 
herc it is manifestly proper to C ~ I T ~  the line around 
rather than over the mountains. In tho western part of 
the country such cases arise con tinually. Certain moun- 
trtiii areas are knomii t.o be regions of heavy snowfall, 
pnrticulnr -alleys are hmown to be drier than the sur- 
rounding mom teains, certain a.rcas lia-re climates which 
will or will not support certain natural vegetation or 
which will permit or prevent certnin t of agriculture. 
All this infornintion, wliile clistthctly 811 ortlniate to gave 
records, helps to show on which side of the area tge 
isohyet shoulrl he dmmi. A-gage record on one moun- 
tnin mass will give an indication of the probable rainfall 
conditions of an ndjncent area of siniilnr topography and 
locntion where there is no record, and records for one 
portion of a plat.enu area suggests the conditions of other 

It is essential 
{owever, that such inferences be made with caution and 
carefiil consideration of all the inforniation which has any 
bea.ring a t  all on the subject. 

Considerable of thc region is largely hig Y ier bhan the alti- 

niore or !I cas arid with the resulting wide variations in 

arts for whic,h no records are srailahle. 


